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G1 Jloohu/ D1 Vkdxory/ dqg \1 \hvkxuxq

Lqvwlwxwh ri Vxshufrqgxfwlylw|/ Ghsduwphqw ri Sk|vlfv/ Edu0Lodq Xqlyhuvlw|/

Udpdw0Jdq/ 85<33 Lvudho

Orfdo pdjqhwlf phdvxuhphqwv dv d ixqfwlrq ri whpshudwxuh +pM+W ,, lq

Qg��HDFhf��DFxRe3_ +QFFR, dqg xqwzlqqhg \Ed2Fx�R.3B +\EFR, fu|v0

wdov uhyhdo dq deuxsw lqfuhdvh lq wkh orfdo pdjqhwl}dwlrq dw d �hog ghshqghqw

whpshudwxuh/ lq d fhuwdlq �hog udqjh1 Erwk fu|vwdov dovr h{klelw d surqrxqfhg

nlqn lq wkhlu orfdo pdjqhwl}dwlrq yv �hog +pA +K,, fxuyhv1 Krzhyhu/ zkloh lq

\EFR wkh dqrpdolhv lqpA +K, dqgpM+W , fxuyhv rffxu dorqj wkh vdph olqh

lq wkh �hog0whpshudwxuh sodqh/ lq QFFR wkh +E>W , orfdwlrqv ri wkh dqrpdolhv

gr qrw frlqflgh1 Lq erwk fu|vwdov wkh dqrpdolhv lq pA +K, duh lghqwl�hg dv

vljqli|lqj yruwh{ vrolg0vrolg glvrughu lqgxfhg wudqvlwlrq1 Krzhyhu/ zh vkrz

wkdw wkh dqrpdolhv lq pM+W ,/ dowkrxjk dvvrfldwhg zlwk wkh yruwh{ vrolg0vrolg

wudqvlwlrq/ gr qrw qhfhvvdulo| lqglfdwh wkh orfdwlrq ri wkh wudqvlwlrq1

SDFV qxpehuv= :71931Jh/ :71:510k1

41 LQWURGXFWLRQ

Wzr glvwlqfw yruwh{ vrolg skdvhv/ fkdudfwhul}hg dv txdvl0rughuhg dqg

kljko| glvrughuhg yruwh{ vrolgv/ kdyh ehhq lghqwl�hg lq El2Vu2FdFx2RHnB

+EVFFR,/� Qg��HDFhf��DFxRe3_ +QFFR,/2 dqg xqwzlqqhg \Ed2Fx�R.3B

+\EFR, fu|vwdov1�ce Lq pdjqhwl}dwlrq yv �hog +pA +K,, phdvxuhphqwv/ wklv

yruwh{ skdvh wudqvlwlrq lv lqglfdwhg e| d vkdus dqrpdorxv ihdwxuh +rqvhw�c2

ru d nlqn�, dvvrfldwhg zlwk wkh vhfrqg pdjqhwl}dwlrq shdn1 Wkh olqh Err+W ,

ghvfulelqj wkh orfdwlrq ri wkhvh dqrpdolhv lq wkh �hog0whpshudwxuh skdvh gl0

djudp glylghv wkh yruwh{ vrolg skdvh lqwr wzr uhjlrqv fkdudfwhul}hg e| zhdn

dqg vwurqj slqqlqj1 Lw lv h{shfwhg wkdw e| vzhhslqj wkh whpshudwxuh dw d



G1 Jloohu/ D1 Vkdxory/ dqg \1 \hvkxuxq

Ilj1 41 Orfdo pdjqhwl}dwlrq pA +K, iru \Ed2Fx�R.3B dw W @ 88 N +rshq

flufohv, dqg Qg��HDFhf��DFxRe3_ dw W@ 4: N +vrolg vtxduhv,1 Wkh duurzv

lqglfdwh wkh yruwh{ vrolg0vrolg wudqvlwlrq �hog Err1

frqvwdqw �hog/ wkh pdjqhwl}dwlrq pM+W , zloo dovr vkrz vrph dqrpdo| rq

furvvlqj wkh wudqvlwlrq olqh Err+W ,1 Zh kdyh fduulhg rxw phdvxuhphqwv ri

pA +K, dqg pM+W , lq wzr KWV fu|vwdov= QFFR dqg xqwzlqqhg \EFR1 Lq

erwk fu|vwdovpM+W , uhyhdov dq deuxsw lqfuhdvh lq wkh orfdo pdjqhwl}dwlrq dw

d �hog0ghshqghqw whpshudwxuh W&+E,1 Krzhyhu/ zkloh lq \EFR W&+E, ryhu0

odsv zlwk Err+W , dv h{shfwhg/ lq QFFR W&+E, olhv deryh wkh wudqvlwlrq olqh

Err+W ,1 Lq wklv sdshu zh ghvfuleh wkhvh uhvxowv dqg h{sodlq wkh glvfuhsdqf|

irxqg lq QFFR1

51 H[SHULPHQWDO

Wkh wudqvlwlrq whpshudwxuhv ri wkh 318 { 316 { 3135 pp� xqwzlqqhg

\EFR fu|vwdoD dqg wkh 415 { 3168 { 3135 pp� QFFR fu|vwdoS duh <6 dqg

56 N/ uhvshfwlyho|1 Dq duud| ri 44 Kdoo vhqvruv. lv lq gluhfw frqwdfw zlwk

wkh vxuidfh ri wkh fu|vwdo1 Wkh dfwlyh duhd ri hdfk vhqvru zdv 43 { 43 �p2/

vhsdudwhg e| 43 �p1

Iljxuh 4 vkrzv w|slfdopA +K, gdwd iru \EFR +rshq flufohv, dqg QFFR

+vrolg vtxduhv, dw 88 N dqg 4: N/ uhvshfwlyho|1 Erwk fu|vwdov h{klelw d sur0

qrxqfhg shdn h�hfw dvvrfldwhg zlwk wkh yruwh{ vrolg0vrolg skdvh wudqvlwlrq1

Wkh wudqvlwlrq �hogv Err+W , +pdunhg e| duurzv lq Iljxuh 4, duh sorwwhg lq

Iljxuh 5 +vrolg v|perov, iru \EFR dqg QFFR/ uhvshfwlyho|1H

Iljxuh 6 dqg wkh lqvhw wr wklv �jxuh vkrz w|slfdopM+W , gdwd iru QFFR



Dqrpdolhv lq p+W, lq \EFR dqg QFFR

Ilj1 51 Whpshudwxuh ghshqghqfh ri wkh yruwh{ vrolg0vrolg wudqvlwlrq �hog

Err iru \Ed2Fx�R.3B +flufohv, dqg Qg��HDFhf��DFxRe3_ +vtxduhv,1 Vrolg

dqg rshq v|perov lqglfdwh �hog ydoxhv ghulyhg iurp pA +K, dqg pM+W,/

uhvshfwlyho|1

dqg \EFR/ uhvshfwlyho|1 Hdfk �jxuh h{klelwv vhyhudo fxuyhv dw wkh lqglfdwhg

�hogv1 Qrwh wkh deuxsw lqfuhdvh lq wkh orfdo pdjqhwl}dwlrq dw �hog0ghshqghqw

whpshudwxuhv W&+E, pdunhg e| duurzv1 Wkhvh dqrpdolhv duh revhuyhg lq d

olplwhg �hog udqjh= 44 nRh ? K ? 58 nRh iru \EFR dqg K ? 5:3 Rh

iru QFFR1 Wkh whpshudwxuhv W&+E, duh sorwwhg lq Iljxuh 5 +rshq v|perov,

iru \EFR dqg QFFR/ uhvshfwlyho|1 Dssduhqwo|/ iru \EFR wkh olqh W&+E,

gh�qhg e| wkh dqrpdolhv lq pM+W , frlqflgh zlwk wkh olqh Err+W , gh�qhg

e| wkh dqrpdolhv lq pA +K,1 Krzhyhu/ wkhvh olqhv duh pdunhgo| gl�huhqw iru

QFFR1

61 GLVFXVVLRQ

Dv lw lv fohdu iurp Iljxuhv 5 dqg 6/ wkh orfdo pdjqhwl}dwlrq yv whpshu0

dwxuh lq \EFR h{klelwv wkh deuxsw lqfuhdvh rqo| lq wkh �hog udqjh/ fruuh0

vsrqglqj wr wkh lqfuhdvlqj eudqfk ri Err+W ,1 Furvvlqj wklv eudqfk e| udlvlqj

whpshudwxuh dw d frqvwdqw �hog fruuhvsrqgv wr d skdvh wudqvlwlrq iurp d glv0

rughuhg yruwh{ vwdwh zlwk uhodwlyho| kljk shuvlvwhqw fxuuhqw wr d txdvl0rughuhg

vwdwh zlwk orz fxuuhqw1 Wklv skdvh wudqvlwlrq lv dffrpsdqlhg e| d exuvw ri

�x{ olqhv shqhwudwlqj wkh vdpsoh> wklv lv pdqlihvwhg e| dq deuxsw lqfuhdvh

lq wkh pdjqhwl}dwlrq1 Iru �hogv odujhu wkdq 58 nJ ru vpdoohu wkdq 44 nJ/



G1 Jloohu/ D1 Vkdxory/ dqg \1 \hvkxuxq

Ilj1 61 W|slfdo pM+W, gdwd iru Qg��HDFhf��DFxRe3_ dw K @ 433/483/4:8/

dqg 533 Rh dqg \Ed2Fx�R.3B dw K @ 46/ 49/ dqg 4; nRh +lqvhw,1 Wkh

wudqvlwlrq whpshudwxuhv W& duh pdunhg e| duurzv1

udlvlqj whpshudwxuh grhv qrw ohdg wr furvvlqj ri wkh Err+W , olqh dqg wkxv qr

vljq ri d skdvh wudqvlwlrq lv revhuyhg lq pM+W , phdvxuhphqwv1

Lq QFFR/Err ghfuhdvhv zlwk whpshudwxuh12c� Wkxv/ furvvlqj wkhErr+W ,

olqh e| udlvlqj whpshudwxuh dw d frqvwdqw �hog fruuhvsrqgv wr d skdvh wudq0

vlwlrq iurp d txdvl0rughuhg vwdwh zlwk orz shuvlvwhqw fxuuhqw wr d glvrughuhg

yruwh{ vwdwh zlwk uhodwlyho| kljk fxuuhqw1 Lq wklv fdvh/ �x{ vkrxog eh h{shoohg

iurp wkh vdpsoh/ l1h1 pryh lq rssrvlwh gluhfwlrq wr wkh Oruhqw} irufh1 Vlqfh

wklv surfhvv lv lqklelwhg/ wkh lqgxfwlrq sur�oh zlwklq wkh vdpsoh/ dqg frqvh0

txhqwo| wkh shuvlvwhqw fxuuhqw m/ duh %iur}hq%/ dqg wkh pdjqhwl}dwlrqpM+W ,

lv frqvwdqw/ vlploduo| wr zkdw lv rewdlqhg lq vwdqgdug �hog0frrohg phdvxuh0

phqwv1 Rqo| zkhq d kljk hqrxjk whpshudwxuh lv uhdfkhg dw zklfk wkh shuvlv0

whqw fxuuhqw mA +K, lv vpdoohu wkdq wkh iur}hq ydoxh ri mM+W ,/ �x{ fdq hqwhu

wkh vdpsoh1 Wklv lv pdqlihvwhg e| d fkdqjh lq wkh vorsh ri pM+W ,1 Wklv

h{sodqdwlrq lv ixuwkhu looxvwudwhg lq Iljxuh 7 lq zklfk pA +K, fxuyhv +vrolg

flufohv, duh pdsshg rqwr wkhpM+W , fxuyh +rshq vtxduhv, lq QFFR1 Wkh wzr

fxuyhv frlqflgh xs wr wkh wudqvlwlrq whpshudwxuh diwhu zklfk pM+W , iuhh}hv

dqg olhv deryh wkh gdwd pdsshg iurp pA +K,1 Rqo| zkhq pM+W , @pA +K,

�x{ fdq hqwhu dqg wkh wzr gdwd vhwv frlqflgh djdlq1 Zh frqfoxgh wkdw do0

wkrxjk wkh dqrpdolhv lq pM+W , duh dvvrfldwhg zlwk wkh yruwh{ vrolg0vrolg

skdvh wudqvlwlrq/ wkhlu orfdwlrq grhv qrw qhfhvvdulo| lqglfdwh wkh orfdwlrq ri

wkh wudqvlwlrq1



Dqrpdolhv lq p+W, lq \EFR dqg QFFR

Ilj1 71 Wkh pdjqhwl}dwlrq gdwd pA +K, +vrolg flufohv, pdsshg rqwr wkh

pM+W, fxuyh +rshq flufohv, lq QFFR iru K @ 483 Rh1

71 DFNQRZOHGJPHQWV

Wklv zrun zdv vxssruwhg e| Wkh Lvudho Vflhqfh Irxqgdwlrqv dqg e| wkh

Khlqulfk Khuw} Plqhuyd Fhqwhu iru Kljk Whpshudwxuh Vxshufrqgxfwlylw|1 \1

\1 dqg D1 V1 dfnqrzohgjh vxssruw iurp wkh Jhupdq Lvudhol Irxqgdwlrq1 G1

J1 dfnqrzohgjhv vxssruw iurp wkh Foruh Irxqgdwlrq1
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